Abstract. In this paper, a novel approach to measuring distances between
Introduction
Financial performance is central to the survival of businesses, especially in the grocery sector, which is characterized by a rising competition, reduced sales margins and limited creation of added value. Specifically, this study focuses on the evaluation of financial performance in the main companies of this sector in Spain, 2016) . Using a scale of 1-9 to represent the verbal judgment in pairwise comparisons is not considering the uncertainty associated with the mapping of the expert judgment to a discrete number. In real world problems, incomplete information or knowledge, complexity and uncertainty could drive the decision makers to be uncertain about their own level of preference (Sansalvador and Brotons, 2017) . These scenarios could happen when an optimal Project is being selected and evaluated.
Regarding Once the weights have been determined through FANP method and the financial ratios have been computed, we will establish the ranking for the companies using fuzzy TOPSIS (Liang, 1999 ) method, which is a generalization of TOPSIS on fuzzy environment.
According to Mardani et al. (2015) , 79 papers applying Fuzzy TOPSIS method alone or combined with other methods were published between years 1994 and 2014, whereas in Afful et al. The paper is organized as follows. In Section 2, the bases of fuzzy sets and fuzzy numbers are shown, with particular reference to the so-called triangular number (TN). In Section 3, we thoroughly examine FAHP/FANP and the Fuzzy Preference Programming (FPP) method proposed by Mikhailov (2003) , which includes triangular numbers (TN). Fuzzy TOPSIS methods are introduced in Section 4, where the main contribution of this work is presented. We propose a novel distance measure based on Spearman distance to be applied in the computing phase of fuzzy TOPSIS, which improves the ranking process. Section 5 develops a practical application based on the financial performance for Spanish grocery store companies.
Fuzzy sets and fuzzy numbers
As mentioned in the previous section, it is of utmost importance to consider uncertainty and subjectivity in any quantification process, since they determine the In order to explain the difference between fuzziness and randomness, Zadeh (1965) introduces the concept of fuzzy sets.
Definition 1: A fuzzy set is set of objects with a continuum of grades of membership, this set being characterized by a membership function (characteristic function) which assigns to each object a grade of membership ranging between zero and one.
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construction of a conceptual framework which has parallels with that used in ordinary sets. This theory provides a natural path for problem management, where imprecision and the lack of defining and certain criteria of group membership lead to the appearance of uncertain variables. A type of fuzzy sets, especially aimed at economic problem resolution where uncertainty and subjectivity are present, is fuzzy numbers. Definition 2: A fuzzy number is a fuzzy set defined on the domain of real numbers R, which satisfies the conditions of convexity and normality. Therefore, it is necessary to introduce the concepts of convex and normal fuzzy set into our analysis.
Definition 3: Let X be a set of points or objects, and x a generic element of X. A is a convex fuzzy set if and only if (Zadeh, 1965) :
A is a normal fuzzy set if and only if:
That is, a fuzzy set is convex when the slope decreases because of shifts to the left or the right of the maximum value of the membership function; and it is normal if at least an element of the set takes maximum value 1 in the membership function.
In what follows, we will define a type of fuzzy number called triangular number, 
Calculation of Criteria Weights

Fuzzy Analytic Hierarchy Process (FAHP)
FAHP represents an approach to choose alternatives and solve problems using fuzzy set theory to express the uncertain comparison of opinions with fuzzy numbers and the AHP method. The main steps in FAHP are the following:
Novel Distance Measure in Fuzzy TOPSIS to Improve Ranking Process: An Application to the Spanish Grocery Industry 129 (1) The first step is to transform a complex decision making problem into a hierarchical structure. This is similar to conventional AHP.
(2) To develop pairwise fuzzy comparison matrices. Consider a prioritization problem with n elements, where pairwise fuzzy comparisons are represented by fuzzy numbers. In AHP, each set of comparisons for a level requires ( 1) 
Let K decision makers involved in the study: they make pairwise comparisons of n elements. As a result of the pairwise comparison, we get a set of
, , 
The linguistic scale and underlying triangular numbers are illustrated in Table 1 
(3)
To control coherence and resulting priorities. This step checks consistency and obtains priorities from the pairwise fuzzy matrices.
(4) To aggregate priorities and classification of alternatives. By applying a simple weighted sum, the local priorities obtained in the different levels of the hierarchy of decisions are aggregated. The obtained global priorities yield the final ranking and the selection of the best one.
Mikhailov (2003) proposed a Fuzzy Preference Programming (FPP) to derive priorities from the fuzzy comparison judgments that solves some of the problems of the fuzzy prioritization methods. This approach allows an incomplete set of fuzzy judgments to derive priorities. Moreover, the proposed approach is invariant to the specific shape of the fuzzy sets used to represent opinions (Javanbarg et al., 2012) . We have specifically selected Mikhailov's methodology, since it allows us to evaluate consistency of decision makers' opinions through the so-called  or "index of consistency". 
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The optimal value *  is "the consistency index". This value is used to measure the level of satisfaction of the optimal priority vector * w . When *  is positive, all the solution coefficients fully satisfy fuzzy opinions, which means that the initial set of fuzzy judgments is rather consistent. A negative value of *  shows that the fuzzy judgments are strongly inconsistent, that is, the optimal value of *  can be used as a measure of the consistency of the initial set of fuzzy judgments.
Fuzzy Analytic Network Process (FANP)
This procedure is useful to set the weights when there is interdependence among criteria. The composite weights of two interdependent levels are elicited constructing a supermatrix for FANP. The pairwise comparisons of items are linguistically expressed in Table 1 , these lingual expressions being represented by TFN.
The fuzzy ANP approach is applied as follows (Yu, Keng and Chen, 2015):
(1) The weight vectors for each matrix are computed and placed in the supermatrix.
(2) Adjust the supermatrix to conform to the principle of column stochastic and turn it into a weighted supermatrix. When the supermatrix is raised to high powers, it will converge.
Compute global weights of subcriteria by multiplying the interdependent weights of the subcriteria with those of the criterion to which it belongs.
Ranking alternatives
In this work, the ranking MCDM method and improved fuzzy TOPSIS are applied to rank the Spanish grocery store firms, which allows us to perform a sensitivity analysis of the obtained results by evaluating the different methodologies.
Fuzzy TOPSIS (Liang, 1999 ) is a generalization of TOPSIS in fuzzy environment. The algorithm of the fuzzy TOPSIS method has six main steps, as follows:
Step 1: Let   
And
Step 4 
A novel extension of Spearman distance
We propose a novel methodology to estimate the distance between two triangular numbers based on the Spearman distance extension and the Hausdorff metric. (10) and (11) Spearman distance extension is obtained.
and
For 1,..., ; 1,..., i n j J  Our work allows to increase the number of methodologies to compute the distance between two fuzzy numbers when applying fuzzy TOPSIS, thus widening the set of available rankings for the decision maker.
Step 5: Finally, closeness coefficient
A is defined as:
Step 6: Ranking. A is closer to the ideal solution and farther from the anti-ideal solution as i CC approaches 1. From here, the alternatives are ranked according to closeness coefficients and then the best alternative is selected.
Case study
As a complement to our research, we develop an application of both the well-known and the novel proposed methodologies to evaluate the financial performance of the main Spanish grocery store companies with net sales exceeding 1500 million Euros. Companies are subject to evaluation by using the data sets of the years 2010 to 2014. The financial data used in this analysis are extracted from balance sheet, income statement and cash-flow statement on SABI database by Bureau Van Dijk.
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In Figure 1 , the hierarchical structure for the general form of the performance evaluation is stated. The overall goal at the first level determines the best financial performance. At the second level, 23 financial ratios are classified in five criteria: (i) five liquidity ratios, (ii) five solvency ratios, (iii) four ratios for activity, (iv) four profitability analyses and finally (v) five growth analyses. 
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The step by step process is as follows:
Step 1. Conduct financial analysis. Financial ratios are computed for each firm.
Step 2. Perform expert evaluation.
(1) Three decision makers from different areas evaluate the relevance of these ratios with the help of questionnaires. Since different stakeholders inside and outside the firm have diverse objectives and expectations, the financial analysis must be carried out from different perspectives. Financial indicators have different significance for diverse users (Ertuğrul and Karakaşoğlu, 2009 ). For example, CEOs are mainly interested in activity and growth indicators while investors and shareholders focus their vision on profitability ratios, and creditors are mostly worried about financial leverage.
(2) One decision maker, accounting and financial expert, evaluates the interdependences among criteria and subcriteria.
Linguistic scale in Table 1 is used by decision makers to represent their opinion.
Step 3. Apply FANP. FANP is applied to improve the decision process by reducing the uncertainty and vagueness of the decision maker's subjective judgment. By using equation (3), the experts' judgements on the relative importance among criteria and the associated subcriteria are obtained. The opinions are presented as a fuzzy pairwise comparison matrix. Table 2 shows the fuzzy pairwise aggregate matrix obtained from the experts' judgements on the relative importance among the five liquidity subcriteria. Similarly, from the accounting and financial expert's opinion, the fuzzy pairwise comparison matrices for interdependence relationships among criteria and subcriteria are built.
Step 4. Elicit criteria weights. Criteria weights are derived from fuzzy pairwise comparison matrices on the relative importance. We apply the nonlinear program developed by Mikhailov [see equation (4) Step 5. Normalize values for Fuzzy TOPSIS. Normalization of the obtained values is performed by using an equation for each year. can be obtained by using equation (5) . In this way, the weighted normalized matrix is formed by multiplying each value with their weights using equation (6).
Step 6. Determine solutions R  and R  . Values are elicited by taking the maximum and minimum value for each criterion using equations (7) and (8) .
Step 7. Separation measure. The distance of each alternative from R  and R  is calculated. The shortest distance from Step 8. Compute the closeness coefficients. Through equation (14) the closeness coefficients ( i CC ) are obtained.
